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THE PATH^T OPPICE 



During the past several decaaes, coronary 

15 heat disease has come to occupy the first posi- 
tion among the causes of death in the devel- 
oped areas of the world. In the United States, 
for example, this disease is responsible for over 
one-half million deaths yearly. And of this 

20 number, more than half occur suddenly, out- 
side the hospital, and therefore before the 
patient is able to obtain the necessary medical 
assistance. Although the precise cause of sud- 
den death in coronary heart disease has not 

^5 yet been entirely clarified, the available evi- 
dence permits the medical field to ascribe 
death in the majority of these cases to grave 
disturbances in cardiac electrical activity re- 
sulting in ventricular fibrillation. 

30 Recent experience has clearly demonstrated 
that ventricular fibrillation and its frequent pre- 
cursor, ventricular tachycardia, are reversible 
phneomena when prompt defibrillation of the 
heart is instituted. Under such circumstances, 

35 cardiac function can frequently be restored to 
normal without the patient suffering from re- 
sidual disability. Unfortunately, however, the 
state of the art makes defibrination very much 
dependent upon a highly specialized medical 

40 environment, thus limiting such treatment to 
elaborately equipped modern hospitals. 

At Ac present, therefore, a great need exists 
tor a defibrillator which could be carried by 

Aose who are prone to having one of the many 
45 life threatening arrhythmias generally dis- 
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who have experienced myocardial infarction, 60 
even though they may be surviving in good 
health, run a substantial risk of dying sudden- 
ly, a risk several times greater than that asso- 
ciated with the general population. Further, if 
patients with myocardial infarction have a his- 65 
tory of serious ventricular arrhythmias and/or 
of cardiac arrest, or if evidence of persistent 
myocardial irritability is present, it may be 
•logically assimied that the risk of sudden death 
is increased substantially. Patients like those 70 
described above would greatly benefit if an 
automatic, standby or demand defibrillator 
were available. 

Also, such an automatic defibrillator would 
be an asset to those hospital patients who have 75 
suffered myocardial infarction and who have 
been discharged from the well-equipped coro- 
nary care unit Under such circumstances, the 
defibrillator could be implanted temporarily 
for the remainder of die expected hospital 80 
stay; or the defibrillator could be permanently 
implanted for use both in the hospital and 
after discharge. And another recognizable class 
of patients particularly in need of an auto- 
matic defibrillator is the class composed of 85 
those who have not shown prior histories of 
myocardial infarction but who show severe 
symptoms of coronary hean disease, such as 
ventricular arrhythmias resistant to medical 
treatment or angina pectoris. 90 
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(71) We, MEDTRONIC INC., a 
corporation organized and existing under the 
laws of the State of Minnesota, United States 
of America, of 3055 Old Highway Eight, Mm- 
5 neapolis, Minnesota 55418, United States of 
Anterica, do hereby declare the invention for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed, to be particularly described in and 
10 by the following statement: — 

This invention concerns electromedical ap- 
paratus and particularly concerns apparatus for 
the treatment of coronary heart disease. 
During the past several decades, coronaiy 
15 heat disease has come to occupy the first posi- 
tion among the causes of death in the devel- 
oped areas of the world. In the United States, 
for examine, this disease is responsible for over 
one-half million deaths yearly. And of this 
20 number, more than half occur suddenly, out- 
side the hospital, and therefore before the 
patient is able to obtain the necessary medical 
assistance. Although the precise cause of sud- 
den deadi in coronary heart disease has not 
25 yet been entirely clarified, the available evi- 
dence permits the medical field to ascribe 
death in the majority of these cases to grave 
disturbances in cardiv.c electrical activity re- 
sulting in ventricular f ibriHation. 
30 Recent experience has clearly demonstrated 
that ventricular fibrillation and its frequent pre- 
cursor, ventricular tachycardia, are reversible 
phneomena when prompt defibrillation of the 
heart is instituted. Under such circumstances, 
35 cardiac function can frequendy be restored to 
normal without the patient suffering from re- 
sidual disability. Unfortunately, however, the 
state of the art makes defibriHation very much 
dependent upon a highly specialized medical 
40 environment, thus limiting such treatment to 
elaboratdy equipped modem hospitals. 

At the present, therefore, a great need exists 
for a defibrillator which could be carried by 
those who are prone to having one of the many 
45 life threatemng arrhythmias generally dis- 



cussed above. Thus, in some patients having 
coronary heart disease, a fatal outcome from 
ventricular tachycardia or ventricular fibrilla- 
tion could be avoided, even in the absence of 
immediate medicai assistance. The first step, 50 
of course, is the detection of those prone to 
suffering from cardiac malfunctions leading to 
ventricular tachycardia or ventricular fibrilla- 
tion. . , 

While it is not possible to predict with un- 55 
erring exacmess which patient suffering from 
coronary heart disease will be the victim of 
sudden death, several high risk groups of pa- 
tients can be recognized. For example, patients 
who have experienced myocardial infarction, 60 
even though they may be surviving in good 
health, run a substantial risk of dying sudden- 
ly, a risk several times greater than that asso- 
ciated with the general population. Further, if 
patients with myocardial infarction have a his- o5 
tory of serious ventricular arrhythmias and/or 
of cardiac arrest, or if evidence of persistent 
myocardial irritability is present, it may be 
logically assumed that the risk of sudden death 
is increased substantially. Patients like those 70 
described above would greatly benefit if an 
automatic, standby or demand defibrillator 
were available. 

Also, such an automatic defibrillator would 
be an asset to those hospital patients who have 75 
suffered myocardial infarction and who have 
been discharged from the well-equipped coro- 
nary care unit. Under such circumstances, tiie 
defibrillator could be implanted temporarily 
for the remainder of the expected hospital 80 
stay; or the defibrillator could be permanently 
implanted for use both in the hospital and 
after discharge. And another recognizable class 
of patients particularly in need of an auto- 
matic defibrillator is the class composed of 85 
those who have not shown prior histones of 
myocardial infaraion but who show severe 
symptoms of coronary heart disease, such as 
ventricular arrhythmias resistant to medical 
treatment or angina pectoris, 90 



13298,189 



From the brief discussion above, there 
should be liiile doubt that the possible applica- 
tions for an automatic defibrillator are numer- 
ous. Andy as previously noted, there is at pre- 
5 sent no known device wliich meets the need. 
It is toward filling this gap in medical instru- 
mentation that the present invention is direc- 
ted. 

According to this invention therefore there 
10 is provided a cardiac defibrillator including 
storage means for storing electrical energy, at 
least one electrode for connecting the storage 
means to the heart of a patient, switching 
means operable to discharge the storage means 

15 dirough the electrode into the heart, sensing 
means for connection with the heart for contin- 
ually sensing the heart funaion, and a dis- 
criminator associated with the sensing means 
and adapted for discriminating between nor- 

20 mal heart function and cardiac fibrillation as 
sensed by the sensing means, said sensing 
means and discriminator being arranged to be 
responsive to sensed cardiac fibrillation for 
automarically operating said switching means 

25 to cause the energy stored in said storage 
means to be applied through said electrode 
directly to the heart in order to defibrillate 
the malfunctioning heart. 
The present invention relates to what is 

30 known in the art as a standby defibrillator, 
i.e. an electronic system which, after detecting 
one of the above-noted life threatening arr- 
hythmias, automatically defibrillates the heart 
of the user. The defibrillator of the present 

35 invention may be installed in patients particu- 
larly prone to develop ventricular tachycardia 
and/or ventricular fibrillation, either on a tem- 
porary or a permanent basis. And, because it 
can be constructed of small size, the defibril- 

40 lator of the present invention may be entirely 
implanted under the skin of the patient, or 
alternatively, may be carried externally, save 
for the sensing electrode and one shock-apply- 
ing electrode. 

45 Hereinafter described is an exemplary em- 
bodiment of this invention adapted for reliably 
sensing the differences between a properly 
functioning heart and one which has suddenly 
developed ventricular fibrillation, and which 

50 then delivers a defibrillating shock to the heart 
in fibrillation. The device is adapted to con- 
tinue delivering intermittent shocks to the 
heart in the event that the heart fails to retiu-n 
to its normal behavior pattern, and has the 

55 ability of automatically regaining sensmg con- 
trol over a functional heart thereby ensuring 
that further shocks are inhibited after success- 
ful defibrillation has taken place. 

The standby defibrillator hereinafter de- 

60 scribed has as its basic element, a capacitor 
capable of storing electrical energy in an 
amount sufficient to depolarize the human 
heart (of the order of 50 joules). Upon dis- 
charge of this capacitor a shock is delivered 

65 to the heart through two stimulating elec- 



trodes. One of these elearodes is positioned 
within the right ventricle, thereby forming the 
distal tip of an intracardiac catheter. This elec- 
trode is introduced through a peripheral vein. 
The second stimulating electrode is positioned 70 
either on the surface of the chest, or is sutured 
under the skin of the anterior chest wall or 
directly to the ventricular myocardium. 

The' capacitor is associated with a sensing cir- 
cuit connected to the proximal end of the in- 75 
tracardiac catheter and is adapted to respond 
to a signal recorded at the distal end of the 
catheter. The signal sensed by the catheter 
must, of course, be inherently related to some 
distinctive characteristic of ventricular tachy- 80 
cardia or ventricular fibrillation; and in a 
specific embodiment of the present invention, 
the pressure in the right ventricle is sensed. 
When this pressure falls below a given value 
on the order of 10 to 15 mm hg, the heart 85 
is' malfunctioning and, therefore, the capacitor 
is discharged into the heart. 

Between the sensing circuit and the capaci- 
tor, means are provided for delaying the repe- 
tition of depolarizing discharges for a preset 90 
period of time (of the order of 20 to 30 sec- 
onds). This delay is essential to give the heart 
the opportunity to convert spontaneously to a 
normal cardiac rhythm, and also to ensure that 
the abnormal heart conditions are, in fact, cri- 95 
tical. Only in the absence of a successful con- 
version is a subsequent shock delivered to the 
heart. In a particular embodiment of the pre- 
sent invention, the time delay is brought about 
with the aid of a sawtooth generator, a relay 100 
and the charge time of the storage capacitor. 

In the accompanying drawings: 

Figure 1 is a side view of a combination 
sensing probe and shock-applying probe form- 
ing a part of the embodiment hereinafter de- 105 
scribed; 

Figure 2 illustrates a typical pressure curve 
for the right ventricle of a norniall3' function- 
ing heart; 

Figure 3 is a circuit schematic of the clec- 110 
tronics of the exemplary standby defibrillator 
hereinafter described; and 

Figure 4 is a graph of voltage versus time 
illustrating the operation of the sawtooth 
generator forming a part of the described em- 115 
bodiment. 

With reference first to Figure 1, the sensing 
and shock delivering probes will be described. 
The sensing probe is shown generally at 10 
and comprises a main body ponion 12 and 120 
a pressure sensitive bulb 14. Electrical coimec- 
tions to the bulb 14 are made at junction box 
1 6. One of the shock delivering probes is shown 
generally at 18 and comprises a main body 
ponion 20, a first ring electrode 22 and 125 
a second ring electrode 24. As will be ex- 
plained below, the electrodes 22 and 24 are 
short-circuited together during the operation 
of the device, forming a composite electrode 
shown at 26. The main body 12 of the sensing 130 
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probe 10 is in the shape of a flat ribbon^ and 
the body of the bulb 14 is spherical. The shock 
delivering probe 18 is substantially cylindrical. 
As noted previously, the combination sens- 

5 ing probe 10 and shock delivering probe 18 
is, during operation, positioned in the right 
ventricle of die heart. These probes are intro- 
duced into the heart through a peripheral vein 
by means of surgery very similar to that in- 

10 volved in ihe implantation (rf a pacemaker 
probe. 

The shock delivering electrodes are two m 
number. The first electrode is the composite 
electrode 26 and is carried by the shock deliv- 
15 ering probe 18. The second electrode is shown 
at 28 andj in the preferred embodunent of this 
invention, is a flat plate either placed on the 
surface of the chest, strtured under the skin 
of the anterior chest wall or applied directly 
20 to the ventricular myocardium. 

When the sensing probe 10 and the shock 
delivering probe 18 are inserted into the heart, 
the elearodes 22 and 24 are independent of 
one another. At this time, conventional pace- 
25 making signals are applied between the elec- 
trodes 22 and 24. Since the heart responds fa- 
vorably to the pacemaking signals only if the 
probe 18 is pnq)erly positioned, this method 
is suitable for checking the position of the 
30 probes 10 and 18. The probe location may, 
of course, be recognized by other methods such 
as, for example, fluoroscopy or pressure re- 
cordings. Once it is determined that the probes 
. 10 aiid 18 are properly located, they are se- 
35 cured in place and the pacemaking electronics 
are disconnected. Then, the elearodes 22 and 
24 are externally short-circuited together, 
and the electronic circuit associated with the 
standby defibrillator of the present invention 
40 is theh connected to the probes 10 and 18 and 
the electrode 28. If a pacemaking funaion is 
also to be carried out, the pacem^er electron- 
ics will remain connected and the step of 
shorting together the electrodes 22 and 24 will 
45 be eliminated. 

With reference now to Figure 2, there is 
illustrated a right ventricular pressure curve 
for a noraially functioning heart. Pulses 30 and 
32 are illustrated but, as is well known, these 
50 pulses repeat at the rate of approximately 60 
to 70 per minute in a normally functioning 
heart. Figure 2 dearly shows that each pulse 
has a peak and that these peaks rise above 
a preset pressure indicated by the dotted line 
55 38. This dotted line corresponds to the thres- 
hold between a healthy heart and one which 
is in need of defibrillation. When the height 
of the peaks 34 and 36 fall below the pressure 
indicated by line 38, the malfunction is sensed 
60 by probe 10 which, as will be described imme- 
diately below, initiates the defibrillation of the 
heart. 

With reference then to Figure 3, the elec- 
tronics associated with the standby defibrilla- 
65 tor will be described. The electronics circuitry 



of Figure 3 may conveniently be broken down 
into several component parts. The fii^t part 
is a pressure transducer shown at 40, this pres- 
sure transducer being directly associated with 
the pressure sensing probe 10 shown in Figure 70 
1. The next stage of the electronics 
is a combination of an amplifier 
and a sawtooth generator shown at 
block, 42. The amplifier is adapted to am- 
plify the signals received from the pressure 75 
transducer 40. The sawtooth generator com- 
prises a transistor and a capacitor connected 
between the colleaor of the transistor and 
ground. The signal from the sawtooth genera- 
tor is then passed to an output amplifer shown 80 
at 44, which amplifier 44 in turn feeds its out- 
put signal to the base of a transistor associated 
with the relay stage shown at 46. The relay 
46 is normally in its open state condition but, 
when it is closed, a DC signal is impressed 85 
upon a DC/DC converter stage 48. The 
DC/DC converter 48 boosts the input voltage 
from approximately 15 volts to an output vol- 
tage of approximately 2,500 volts. The 2,500 
volt DC signal from the converter 48 is then 90 
fed to a storage capacitor 70 which is associ- 
ated with a firing circuit the entire combination 
shown at 50. When the firing circuit 50 allows 
the capacitor 70 to discharge, the 2,500 volt 
signal is applied to the electrodes 26 and 28 95 
illustrated in Figure 1. Therrfore, when the 
pressure sensing probe 10 recognizes a mal- 
function in the heart, the capacitor, after a 
predetermined rime delay, shocks the heart 
with approximately 2,500 volts at an energy 100 
level of approximately 50 joules which is sirf- 
ficient to cause most hearts to defibrillate. 

Still referring to Figure 3, but in greater 
detail, the circuitry associated with the present 
invention functions as follows. The pressure 105 
transducer 40 takes the form of a resistive 
bridge, one resistor of which is defined by the 
pressure sensor 14 on the tip of the probe 10, 
The remaining legs in the bridge are defined 
by resistors housed in the junction box 16 HO 
shoTO in Figure 1. The pressure transducer 
40 is arranged so that the pressure sensed by 
element 14 is converted to an electrical signal, 
the amplitude of which is directly proportional 
to the pressure sensed by the element 14. 115 

The output from the pressure transducer 40 
is fed to a conventional multistage amplifier 
shown in block 42 which amplifies the received 
pulses and which then feeds these amplified 
pulses to the sawtooth generator in block 42. 120 
The trimming potentiometer 52 serves to bal- 
ance the inputs to the amplifier. 

With reference now to Figures 2 through 
4, the operation of the sawtooth generator will 
be described. The sawtooth generator, if unaf- 125 
fected by the external environment, will have 
an output curve such as that shown at 54 in 
Figure 4. However, if a signal is fed to the 
sawtooth generator and if the signal is at least 
of a predetermined amplitude, ^en the output 130 
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voltage of the generator on lead 56 will imme- 
diately drop to zero and then again begin to 
climb. Therefore, if the sawtooth generator re- 
ceives repetitious pulses of at least the prede- 

5 termined voltage, then its output will be simi- 
lar to that shown in Figure 4 at 58. 

If the heart functions sensed by the pressure 
transducer 40 are normal, following the curve 
shown in Figure 2, then the amplified signal 

10 corresponding to a pulse in the right ventricu- 
lar pressure will cause the output of the saw- 
tooth generator to drop to zero. The threshold 
signal reaching the generator can be adjusted 
by adjusting the amplification factor of the 

15 signal amplifier shown in block 42. Amplifier 
44 has a threshold which is adjusted by poten- 
tiometer 62 so that the amplifier 44 activates 
the relay 64 only after approximately six sec- 
onds of heart malfunction. If, then, the venui- 

20 cular pressure falls lower than that value indi- 
cated by the dotted line 38, and so remains 
for the preset time interval, ihe amplified vol- 
tage reaching the generator 44, via lead 56, 
will be insufficient to cause the generator out- 

25 put to drop to zero. Rather, the generator out- 
put will follow the curve shown at 54 in Figure 
4 and the threshold of amplifier 44 will be 
reached. Trimming potentiometer 60 is pro- 
vided to balance the inputs provided to the 

30 output amplifier 44 from the lead 56 and 
potentiometer 62, 

The output from the amplifier 44 is fed 
to the relay circuit 46. The relay contacts 
shown generally at 64 are initially set in the 

35 open-circuit condition, thereby isolating the 15 
volt source from the DC/DC converter 48. 
Further, the relay 46 is set to close only after 
the current passing through coil 66 reaches a 
predetermined value. With reference to Figure 

40 4, tlie voltage output of the sawrooth generator 
must be at the level 68, the threshold of ampli- 
fier 44 before the current in the coil 66 is 
sufficient to switch the relay 64 into its closed- 
circuit state. 

45 When the relay 64 closes, then the 15 volt 
source is connected direaly to the DC/DC 
converter 48. From Figures 2 through 4, it 
should be evident that approximately six sec- 
onds must elapse, with the heart continuously 

50 malfunctioning, before the relay 64 switches 
from its open-circuit mode to its closed-circuit 
mode. This will be apparent when one realizes 
that each "tooth" of the curve 58 corresponds 
to one peak of the right ventricular pressure 

55 curve and, as noted above, the peaks of the 
pressure curve repeat at approximately 60 to 
70 per minute. Therefore, the heart pressure 
must be below the threshold level for approxi- 
mately six seconds before input voltage is fed 

60 to the DC/DC converter 48. If the heart re- 
turns to its normal function at any time dur- 
ing that six seconds, then the sawtooth genera- 
tor output response would drop to zero and 
the six second cycle would begin again. 

65 With the relay 64 closed and a 15 volt DC 



signal being impressed upon the converter 48, 
an output of 2,500 volts appears at the output 
terminals of the converter 48. This voltage is 
fed directly to storage capacitor 70. Simultane- 
ously, the 2,500 volt signal is fed to a resistive 70 
chain and finally to the base of transistor 72 
via a neon tube 74. A silicon controlled recti- 
fier (SCR) is triggered on when transistor 72 
becomes conductive. 

The operation of the firing circuit 50 is as 75 
follows: the 2,500 volt signal from the con- 
verter 48 is fed to the capacitor 70. When the 
capacitor 70 is fully charged, the transistor 72 
becomes conductive, due to the now-conduct- 
ing neon tube 74. The resistor chains and the oO 
tube 74 are interconnected in such a manner 
that when the voltage across the capacitor 70 
reaches the full 2,500 volts, then the tube 74 
becomes conductive. When the tube 74 con- 
ducts, so too does transistor 72 and, therefore, o5 
SCR 76. Then, the full 2,500 volts pass 
through electrodes 26 and 28 thus shocking 
the hcan widi a voltage sufficient to cause 
defibrillation, , 

As above noted, it is important that a time w 
period elapse bctv-'ccn the detection of a heart 
malfunction and the delivery of the defibrillat- 
ing shock to the heart. As also noted above, 
approximately six seconds of delay occur 
between the first detection of a malfunction 95 
and the closing of the relay 64. There is an 
additional delay, on the order of fifteen sec- 
onds, which is brought about by the charge time 
of the capacitor 70. That is, w^hen the relay 
64 closes, six seconds after the initial malfunc- 100 
tion, the capacitor first begins to charge. The 
capacitor employed in the preferred embodi- 
ment charges in approximately fifteen seconds. 
Therefore, approximately twenty-one seconds 
elapse between the initial sensing of heart mal- 105 
function and the discharge of the capacitor in- 
to the heart. Naturally by varying the rise time 
of the sawtooth generator and the charge time 
of the capacitor, tlie delay period may be en- 
larged or contracted as desired. And, as men- 110 
tioned above, if at any time during the delay 
period the heart returns to normal, then the 
delay period automatically begins again. 

Above, a specific embodiment of the present 
invention has been described. It should US 
be understood, however, that this de- 
scription is given for illustrative pur- 
poses onlv and that many alterations 
and modifications may be practiced without 
departing from the scope of the invention. Just 120 
as a few examples, it should be understood 
that while in the specific embodiment of the 
present invention, the pressure in the right 
ventricle is sensed as an indication of heart mal- 
function, other sensing arrangements may be 125 
practiced. Further, a single SCR is used as 
a triggering device. It is possible to substitute 
this device for a plurality of SCR imits or, 
alternatively, with a vacuum relay. Still further, 
while the above description shows a single 130 
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storage capacitor, a series of capacitors could 
be employed. It is, therefore, the intent that 
the present invention not be limited to the 
above but be limited only as defined in the 
5 appended claims. 

There has thus been described a cardiac de- 
fibrillator having the following advantages: 

1. The defibrillator lies dormant during nor- 
mal heart activity but automatically applies a 

10 shock to the heart when the heart functions 
become abnomal; more particularly, the defi- 
brillator reliably senses the difference bciwwn 
a normally functioning heart and one that has 
suddenly developed abnormal function, and 

15 then automatically delivers a defibrillating 
shock to the heart. . 

2. The defibrillator is capable of dehvermg 
multiple shocks in the event that the heart is 
not successfully defibrillated by the initial 

20 shock. . ^, 

3. The defibrillator autoniatically regams 
sensing control over a functioning heart, there- 
by inhibiting further shocks after successful 
defibrillation. 

25 4. The defibrillator employs a heart-im- 
planted catheter which may serve both for de- 
fibrillation and for pacmg the heart if re- 
quired. 

5. The defibrillator can be made extremely 
30 compact so as to be totally implantable in the 
body of a patient, 
WHAT WE CLAIM IS : — 

1. A cardiac defibrillator including storage 
means for storing electrical energy, at least one 

35 electrode for connecting the storage means to 
the heart of a patient, switching means opera- 
ble to discharge the storage means through the 
electrode into the heart, sensing means for con- 
nection with die heart for continually sensing 
40 the heart function, and a discriminator 
associated with the sensing means and adapted 
for discriminating between normal heart func- 
tion and cardiac fibrillation as sensed by the 
sensing means, said sensing means and dis- 
45 criminator being arranged to be responsive to 
sensed cardiac fibrillation for automatically 
operating said switching means to cause the 
energy stored in said storage means to be ap- 
plied through said elearode directly to the 
50 hean in order to defibrillate the malfunction- 
ing heart. 

2. A defibrillator as claimed in claim 1 in- 
cluding means for ensuring that a predeter- 
mined time delay exists between the initial 
55 sensing of a heart malfunction and the dis- 
charge of said storage means into the heart. 
3i A defibrillator as claimed in claim 1 or 

2, wherein said sensing means is adapted to 
be positioned within the heart for sensing the 

60 heart function during use of the defibrillator. 
4, A defibrillator as claimed in any of the 
preceding claims wherein two said electrodes 
are provided and one of the two electodes is 
adapted to be positioned within the heart dur- 

65 ing use of the defibrillator. 



5. A defibrillator as claimed in any of the 
preceding daims wherein the storage means is 
a capacitor ananged to be charged in response 
to sensed cardiac fibrillation, and the arranjge- 
ment is such that the charging of said capacitor 
is inhibited under conditions of normal heart 
activity. 

6. A defibrillator as claimed in any of the 
preceding claims arranged so that a further 
defibrillatory impulse will be applied to the 
heart if the heart should fail to defibrillate 
after application of the first impulse. 

7. A defibrillator as claimed in any of the 
preceding claims further including a cardiac 
pacemaker so associated with said electrode 
that said electrode functions in a pacemaking 
mode when not functioning in a defibrillating 
mode. 

8. A defibrillator as claimed in any of the 
preceding claims wherein the sensing means 
includes a pressure responsive probe adapted 
to be inserted into the right cardiac ventricle 
to sense the pressure therein and issue an 
electrical signal whose amplitude is directly 
proportional to the said pressure. 

9. A defibrillator as claimed in any of the 
preceding claims wherein said sensing means 
is adapted to provide an electrical signal the 
amplitude of which varies in dependence upon 
whether the heart function is normal or is ab- 
normal and said discriminator is adapted to 
respond to said electrical signal by issuing an 
elearical signal of a first amplitude when the 
heart funcdon is normal and by issuing an 
electrical signal of a second amplitude when 
the heart function is abnormal, the discfaax:ge of 
said storage means being arranged to be ini- 
tiated by the signal of said second amplitude. 

10. A defibrillator as claimed in claim 9 
wherein means are provided for ensuring that 
a predetermined time delay exists between the 
initial sensing of a heart malfunction and the 
discharge of said storage means into the heart, 
the defibrillator furthermore being arranged so 
that the discharge of said storage means into 
the heart is inhibited in response to a signal 
of said first amplitude occurring during said 
time delay, 

11. A defibrillator as claimed in claim 9 
or 10 wherein said discriminator includes a 
sawtooth waveform generator adapted to pro- 
vide a small amplitude output in response to 
normal heart funaion and a large amplitude 
output in response to abnormal heart function, 
the arrangement being such that the large am- 
plitude output is produced only after a preset 
period of time has elapsed since abnormal 
heart funcdon was sensed. 

12. A defibrillator as claimed in claim 11 
wherein an electromagnetic relay is connected 
to said sawtooth waveform generator and has 
normally open contacts adapted to be closed 
only when subjected to said large amplitude 
output from said discriminator. 

13. A defibrillator as claimed in claim 12 
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wherein said contacts are arranged for coup- 
ling a low voltage supply to a voltage convener 
for deriving a voltage sufficient to defibrillate 
the heart, said voltage converter being opera- 
5 tively conneaed to said low voltage supply 
only when said contacts are closed. 

14. A defibrillator as claimed in claim 13 
wherein a storage capacitor constituting said 
storage means is connected directly to the out- 

10 put of said voltage converter. 

15. A defibrillator as claimed in claim 14 
wherein said switching means has a normally 
open-circuit state and is connected to said stor- 
age capacitor for switching to a closed-circuit 

15 state after said capacitor has fully charged, the 
closed-circuit state of said switching means re- 
sulting in the discharge of said storage capaci- 
tor imp the heart. 

16. A defibrillator as claimed in claim 15 
20 including a trigger element responsive to the 

voltage across said capacitor to operate said 
switching means. 

17. A defibrillator as claimed in any of the 
preceding claims wherein said switching means 

25 includes at least one controlled reaifier device. 

18. A cardiac defibrillator substantially as 
herein described with reference to the accom- 
panj'ing drawings. 



19. An electronic device for automatically 
defibrillating a malfunctioning heart, the de- 30 
vice comprising: an electronic probe for con- 
tinually sensing the function of a hean^ and for 
issuing an electrical signal, the amplitude of 
which is proportional to the heart function; 
a discriminator associated with said probe for 35 
responding to the electrical signal issued there- 
by and for issuing an electrical signal of a 
first amplitude v/hen the heart function is nor- 
mal and for issuing an electrical signal of a 
second amplitude when the heart function is 40 
abnormal; means for storing electrical energy; 
at least one electrode associated with said stor- 
age means for connecdng the storage means 
directly to the heart; and means for automati- 
cally switching said storage means into a dis- 45 
charge state, in response to a signal of said 
second amplitude, whereby the stored energy 
is applied directly to the heart through said 
electrode to defibrillate a malfunctioning heart 
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